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INTRODUCTION 


The  application  of  automation  to  enri  vonmental 
geographic  data  collection  is  ere  iting  an  information 
explosion  which  threatens  to  completely  inundate  and 
paralyze  even  the  most  efficient  systems  for  data  analysis* 

i 

Faced  with  such  tremendous  volumes  of  data  as  are  now  oeing 
collected  relevant  to  the  spatial  arrangements  of  phenomena 
over  tne  earth's  surface*  methods  of  data  storage*  retrieval 
and  analysis  which  are  at  least  as  efficient  in  the 
management  of  the  data  as  the  data  collection  devices  must 
be  developed.  Indeed*  given  the  current  state  of  the 
techniques  of  geographical  analysis*  if  is  highly  douotful 
that  more  than  a  very  small  percentage  of  the  data  collected 
in  such  programs  as  the  1970  Census  or  oy  the  Earth 
Resources  Technology  Satellite  ever  will  oe  examined  more 
than  cursorily.  The  problem  is  one  tnat  has  to  De  seen  at 
the  extremes.  At  one  end*  is  the  problem  of  the  detection 
ot  significant  variation  when  the  cycles  range  from  less 
than  seconds  to  more  than  decades.  On  tne  other  end,  lies 
tne  magnitude  of  the  scope  of  the  data  collection  devices 
that  are  capable  of  sampling  tne  entire  surface  ot  the  earth 
acre  by  acre.  The  problem  becomes  one  of  identifying  and 
isolating  the  differences  and  sun  I  i  ar  i  t  ies  between 
phenomena  half  an  earth's  circumf er ence  apart. 
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It  is  clear  that  an  attitude  of  indifference  can  not  be 


assumed.  Continual!/.  it  is  being  demonstrated  that 
variations  exist  above  and  oelow  the  scale  of  nuiran  activity 
which  have  important  effects  upon  all  life  on  this  planet, 
whether  these  variations  be  the  long  term  cyc'e  of  ice  ages 
or  the  diurnal  fluctuations  of  the  tonus.  Tne  problem  is 
tnat  until  tools  to  detect  tne  changes  in  tne  extremes  of 
the  environment  have  peen  created,  it  will  De  impossible  1o 
Know  if  there  are  variations  occuriny  trial  do  affect  t  h* 
human  environment  either  beneficially  or  not.  Thus.  the 
proolem  to  De  faced  in  the  analysis  of  tne  masses  of  new 
data  being  made  available  is  the  one  ot  transcending  the 
limitations  of  the  scale  and  scope  of  normal  human  activity* 
that  level  for  which  the  analytical  tools  are  most  sharply 
defined.  and  moving  on  to  the  study  of  realms  of  activity 
which  up  to  now  only  have  Deen  conjectured. 

An  examination  of  the  capacity  of  normal  modes  of 
scientific  analysis  portrays  the  inherent  limitations  ot  the 
traditional  approaches  for  the  management  of  geographic 
information.  Consider  the  following  examples.  The  normal 
United  States  Geological  Survey  7  1/2  minute 
topographic  map.  it  has  been  estimated.  contains 

aporo xi mate  I y  1.0  x  id  6  bits  worth  of  information  on  each 
sheet.  This  is  approximately  tne  amount  of  information  that 
the  average  human  can  effectively  analyze  at  any  given 
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instance  in  reaching  a  decision.  A  1024  by  1024 
aicrodensi tometer  scan  in  32  different  gray  levels  will 
produce  approximate! y  1.0  x  IQ7  bits  North  of  information* 
pretty  near  the  upper  end  of  the  level  of  professional 
analysis.  However*  this  is  only  the  midale  of  the  range  of 
the  analytical  ability  of  sequential  digital  computers  and 
at  the  lower  end  of  the  capability  range  of  parallel  digital 
processors.  The  standard  4-band  trtTS  image  increases  the 
complexity  of  the  information  handling  prcaiem  ay  another 
order  and  about  exhausts  the  capaDliltty  of  the  parallel 
digital  processors.  Tne  normal  home  television  set  is 
capable  of  transmitting  tremendous  volumes  of  signal 

Q 

information  operating  at  the  1.0  x  Id  oits  per  second 
level  and  far  surpassing  the  analytical  speed  of  tne  largest 
conceivaole  computer.  This  level  is  the  beginning  the 
capabilities  of  parallel  optical  processing.  Tne  tnroughout 
limitations  of  optical  processors  are  limited  only  by  the 
speed  Nith  which  images  can  be  generated  for  anal ys isIBray 
and  Jacobs*  19b5*  p.677).  Thus*  in  terms  of  analytical 
pomer*  parallel  optical  processing  appears  to  otter  the 
greatest  potential  for  handling  these  masses  of  new 
geographic  data. 

Standard  geographic  methodology  provides  a  theoretical 
framework  to  address  problems  posed  at  all  levels  of  scale 
and  scope.  Optical  processing  Nould  maKe  it  oossiDle  to 
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extend  the  channel  capacity  of  the  available  analytical 
•odes  improving  and  amplifying  data  handling  aoilities  so 
that  variations  in  the  environment  at  the  extremes  of  scale 
and  scope  could  be  detected  and  phenomena  that  operate  at 
those  levels  could  be  studied  and  analyzed*  It  may  well  be 
that  there  are  no  variations  of  significance  to  numans  at 
these  extremes  or  that  within  the  human  environment  such 
aide  ranging  analyses  yield  no  meaningful  results.  However* 
the  possible  existence  of  such  significant  variation  should 
not  be  overlooked  until  at  least  the  basic  descriptions  of 
the  phenomena  sensed  at  the  extremes  ar<..  made.  However*  the 

question  arises  as  to  whether  it  is  wise  to  continue  to  use 

6 

procedures  developed  for  problems  statea  at  the  l.U  x  10 

10 

level  when  faced  with  problems  on  the  order  of  1.0  x  10 
or  larger. 

In  many  ways  this  problem  represents  a  new  age  of 
discovery,  where  questions  on  the  order  of  “what  where?'*  are 

asked.  After  the  basic  descriptions  a~e  made  it  will  be 

A, 

pOssiole  to  advance  to  asking  analytical  questions  ot  “why 
Mhere?**  and  making  predictive  statements.  Mi  th  ever- 
increasing  stress  on  the  world's  environmental  systems  and 
the  greater  interdependence  of  the  nations  and  peoples*  it 
is  even  more  essential  to  be  able  to  effectively  monitor  the 
status  of  the  soaceship  earth.  The  massive  throughput 
capability  of  optical  processing  techniques  when  applied  to 
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PRELIMINARY  RESEARCH  PROGRAM 


The  goal  of  this  preliminary  invest igat ion  has  been  to 
assess  tne  current  state  of  the  art  in  optical  data 
processing  with  an  eye  towards  tne  potential  cont ri but i ons 
of  this  technology  to  geographical  data  handling.  Chiefly* 
the  focus  has  been  upon  tne  applications  of  laser 
holography*  as  related  to  the  storage,  retrieval*  analysis* 
and  display  of  geographical  data.  This  nas  lead  to  a 
consideration  of  geographic  data  structures  and  tne 
potential  of  holograpny  as  a  storage  meaium  and  analytical 
tool  in  conjunction  witn  digital  computers.  It  was  not 
intended  that  new  techniques  of  optical  analysis  Qe  invented 
or  hyorid  ai gi tal -opt i cal  applications  be  developed*  out 
that  tne  appl icao  i  I i t y  of  tne  current  technology  to 
geographical  anlysis  in  general  and  the  needs  of  the 
sponsoring  agency  in  specific  oe  assessed.  dome  experiments 
have  Deen  conducted  in  order  to  evaluate  selected  optical 
processing  and  display  techniques  and  to  juxtapose  some 
proceduras  that  have  not  Deen  combined  Heretofore.  It  was 

felt  that  it  was  necessary  to  demonstrate  tne  relative  ease 

* 

witn  which  holography  might  be  used  in  a  simply  equipped 
optical  laboratory*  as  well  as  the  sophistication  that  could 
oe  achieved  in  a  st ate-of-tne-arf  facility.  Further*  the 
direction  of  continued  research  and  application  through  the 
improved  interface  between  optical  and  digital  processing  is 
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pointed  towards  oy  this  project 


This  research  project  originally  was  proposed  while  the 


Geography  at  the  Ohio  State  Jniversity,  Col  jih:us»  Onto 


Considerable  assistance  and  advice  was  obtained  from  Prof 


State.  Prior  to  the  awarding  of  tne  contract,  the  principal 


Washington,  Seattle,  Washington,  and  the  duIk  of  the 


Deen 


Prof 


under  suucontracts  to  Ohio  State  from  tne  University  of 
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Holograph/  is  a  Kind  of  photograpny  that  uses  c  jherent 
laser  light  to  1)  record  the  three  dimensional  nature  of 
objects*  and  21  utilize  more  completely  tne  resolving  power 
of  photographic  emulsion.  Holography  was  invented  in  1948 
by  Denis  Gabor,  a  dritish  physicist  who  was  trying  to  find  a 
way  to  increase  tne  magni f icati on  of  the  electron  microscope 
(1948  and  194  9).  Gaoor's  invention  Caine  to  be  called  a 
"hologram,”  after  the  GreeK  word  "holos"  whicn  means 
whole,  i.e.  rlo  I  ogram-- the  whole  message.  «fter  his  initial 
discovery  and  some  experimentation  which  verified  tne 
concept,  holography  fell  into  disuse  because  of  the  lacK  of 
a  reliable  and  practical  source  for  coherent  i I  I umi nat i on , 
the  necessary  element  in  holograpny.  In  19bd,  two  engineers 
at  the  University  of  Michigan,  Leith  and  upatnieKs  (1964), 
working  with  tne  orand  new  laser,  a  convenient  source  of 
coherent  light,  revived  holography  to  snow  that  it  was 
practical.  From  tnis  initial  worn  nas  flowed  many 
extensions  and  the  development  of  matnematical  formulations 
for  holography  as  well  as  various  forms  of  ootical 
processing  based  on  the  laser.  Today,  tne  I  aser  ranks  u>s 
one  of  the  mos*  powerful  new  scientific  devices,  perhaps 
second  only  to  the  computer,  and  holography  is  one  of  the 
simplest,  yet  most  powerful  applications  of  the  laser.  A 
comprehensive  scientific  discussion  of  the  cnar acteristics 
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and  metnous  of  holograph/  can  oe  found  in  Goodmany  An 
Intiiadac.Li.sin_ta_taiiC.iAii_aiili.c5*  ( 1  'Joa ) . 

Holography*  like  almost  all  forms  of  photography,  is  a 
two-step  process.  In  the  first  step,  the  hologram  is 
recorded,  that  is  the  film  is  exposed  and  then  chemical  1/ 
developed.  The  second  step  consists  of  using  the  hologram 
to  reconstruct  the  original  scene.  Holographic  images  are 
recorded  py  the  encoding  in  a  photographic  emulsion  of  an 
optical  interference  pattern.  The  pattern  is  formed  toy  wo 
light  waves  interfering  in  space.  in  order  that  a 
consistent  spatial  interference  pattern  pe  maoe  curing  the 
exposure,  coherent  light  from  a  laser  is  used.  Coherent 
light  oasicaily  may  De  understood  to  pe  light  waves  in  which 
any  part  of  the  waves  maintain  a  constant  relationship  to 
any  otner  part  across  the' entirety  of  the  waves.  This  means 
that  the  phase  and  amplitude  of  all  light  waves  in  coherent 
light  are  in  unison  reflecting  their  concentration  in  very 
narrow  oands  of  the  energy  spectrum.  Furthermore*  coherent 
;ignt  waves  maintain  a  fixed  relationship  oetween  any  point 
along  their  path  and  any  other  point.  That  is*  they  proceed 
essentially  in  u  parallel  form  over  great  distances 
diverginj  only  in  a  miniscule  amount  from  the  source  of 
illumination.  Indeed,  it  is  often  necessary  to  use  a 
co I  1 1 mo t i ng  lens  to  spread  them  wider  in  order  to  provide 
illumination  sufficient  for  the  complete  coverage  of  the 
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objects  to  oe  hoi ographed 


during  the  recording  process  coherent  light  from  a 
laser  is  jsed  to  illuminate  the  ooje,t  of  t ne  hologram.  The 
coherent  light  reflected  from  the  object,  such  as  the  light 
reflected  from  a  flash  gun,  is  made  to  interfere  in  space 
with  a  second  oeam  from  the  laser.  The  second  beam  is 
usually  derived  from  the  first  by  means  of  oeam-sp I i 1 1 er  . 
In  that  region  of  the  space  where  the  two  oewms  are  crossing 
a  photographic  emulsion  is  placed  as  in  figure  1.  The 
emulsion  then  records  the  interference  pattern  of  the  two 
beams.  The  interference  pattern  recorded  on  tne  film  is  a 
complex  series  of  darn  and  I  ignf  lines--lignt  wnere  the 
amplitudes  ot  the  interfering  waves  compine  c onst rue t i ve I y 
and  dar«  where  the  waves  counteract  each  otner.  The 
distance  between  any  typical  darK  ana  lignt  line  is  on  the 
order  of  about  half  a  micron,  hence  a  film  with  a  high 
resolution  emulsion  is  required.  This  very  fine-grained, 
blacK  and  white  film  is  developed  in  tne  normal  manner  and 
the  first  step  is  completed. 

Tne  reconstruction  of  tne  image  is  accomplished  by  the 
'  a!  nt  rr.  duct  i  on  of  the  coherent  reference  oeam.  The  series 
of  very  fine  i  ines  in  the  interference  pattern  of  the 
hologram  act  as  a  diffraction  grating. 
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tne  light  of  the  reference  oeaa  is  bent  by  this  diffraction 
pattern  so  as  to  reconstruct  the  original  reflected  light 
wave*  Therefore*  looking  into  the  holograa  one  sees  the 
object  via  the  reconstruc ted  light  wave  exactly  as  one  would 
have  seen  the  real  object  via  the  reflected  object  light 
with  full  depth  and  complete  parallax*  figure  £• 

Depending  on  now  tne  two  beams  were  caused  to  interfere 
during  the  creation  of  the  hologram*  different  types  of 
holograms  can  oe  created.  The  most  conventional  hologram* 
the  transmission  hologram*  is  formed  wnen  both  interfering 
beams  impinge  upon  the  pnotographic  emulsion  from  the  same 
direction.  During  the  reconstruction  tne  transmission 
holograms  acts  upon  the  light  transmitted  tnrojgh  it  as  in 
figure  <2  so  as  to  generate  a  virtual  image  oehind  the 
hologram.  Var iati ons  in  the  geometry  of  the  taking 
situation  can  lead  to  the  formation  of  other  types  of 
holograms  such  as  the  reflection  hologram  in  which  the 
hologram  acts  upon  reflected  rather  than  Transmitted  light 
during  reconstr uc ti on  to  cause  a  virtual  image  behind  the 
plate*  the  focused  image  hologram  in  which  the  hologram 
plate  is  included  in  the  image  space*  and  the  real  image 
hologram  in  which  the  image  appears  to  hang  out  in  front  of 
the  hologram. 

Tne  advantages  of  a  hologram  over  the  traditional 
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pnotograpn  are  several*  First*  the  full  three  dimensional 
torn  of  tne  real  object  as  observed  in  a  field  of  view 
subtended  by  the  holographicy  plate  is  preserved  and  May  be 
viewed  without  special  optical  apparatus  such  as  red  and 
green  anaglyphic  glasses  or  optical  stereoscopes*  Unlike  a 
normal  photograph*  the  hologram  is  not  a  recording  of  the 
variations  in  reflected  light  as  gray-tone  images  in  which 
the  direction  of  the  incidence  of  the  light  is  not  recorded 
but  only  the  total  intensity*  In  holography*  the  object 
beam  is  used  to  prooe  the  surface  of  tne  object*  the 
variations  in  the  paths  of  the  two  Deems  create  the  encoding 
of  the  geometry  of  the  object.  Uecause  of  the  use  of 
optical  interference  to  record  the  scene*  it  is  merely 
necessary  to  reintroduce  one  of  the  beams  in  order  to 
reconstruct  the  other.  If  one  returns  to  the  original 
taking  scneme  and  reintroduces  the  object  oeam  reflecting 
from  the  object  to  the  photographic  plate*  one  can  view  tne 
reconstruct i on  of  the  reference  beam  in  the  same  manner  tnat 
reversing  the  situation  allows  tne  viewing  of  the 
reconstructed  object  oeam. 

A  second  advantage  of  tne  hologram  is  that  by  a  varying 
the  angle  of  incidence  of  the  reference  beam  with  the 
recording  photographic  plate*  and  therepy*  varying  the 
spatial  frequency  of  the  interference  pattern  of  the  plane 
or  spherical  waveform  of  the  reference  beam*  many  full 
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holographic  images  may  oe  interspersed.  Since  the  lines  of 
the  diffraction  pattern  do  not  fully  occupy  the  entire  space 
of  the  emulsion*  there  exists  in  between  the  diffraction 
lines  considerable  unutilized  space  for  the  storage  of 
additional  images.  One  needs  only  to  oe  careful  to  vary  the 
angle  of  incidence  sufficiently  to  prevent  crosstalk  between 
adjacent  images.  Jsing  such  procedures*  thick  film 
holograms  nave  been  used  to  record  some  300  to  400  seperate 
images. 

A  third  advantage  of  the  multiple  image  hologram  is 
that  the  random  data  access  format  of  tne  hologram  provides 
more  ready  access  to  the  data  than  the  seguential  structure 
of  microform  media  wnicn  must  be  searcn  before  the  proper 
image  can  be  retrieved.  The  tne  multiple  image  hologram 
need  on  I y  be  indexed  to  the  proper  angle  of  incidence  to 
simultaneously  recall  ail  of  the  information  in  that  frame. 
It  should  be  further  noted  that  the  hologram  yields  a 
relatively  high  information  packing  rate  which  approaches 
and  in  many  cases  exceeds  tne  capacities  of  microform 
recording  media. 

A  fourth  advantage  of  tne  hologram  is  its  potential  for 
information  preservation.  decause  the  information  for  ail 
images  is  stored  in  all  sections  of  tne  photographic  plate* 
physical  damage  to  a  portion  of  the  plate  destroys  a  little 
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of  all  images  and  not  all  of  some  images.  The  holographic 
plate  na<  be  dropped  and  broken*  out  tne  broken  pieces  each 
Mill  reconstruct  in  a  field  of  view  related  to  their  size 
all  of  tie  original  images  stored  in  them. 

Uesoite  tne  man/  inherent  advantages  of  tne  hologram* 
there  a~e  several  major  difficulties  associated  with  their 
construction  and  use.  One  of  the  fundamental  problems  is 
that  associated  with  the  creation  of  tne  image.  It  is 
necessar/  to  have  a  ver/  staole  and  nearl  /  v iorat i on- 1 ree 
platform*  as  well  as  quality  optical  components*  in  oroer  to 
be  successful  in  tne  creation  of  tne  nologram.  The 
potential  1/  nigh  startup  costs  of  sucn  equipment  may  deter 
many  from  venturing  into  holography.  Optical  systems  are 
now  available  nowever  wnich  ail  I  provide  some  oasic 
capabilities  in  a  price  range  no  more  costly  tnan  that  of  a 
fine  35mm  photographic  camera.  A  second  problem  is  the 
necessity  of  using  coherent  light  to  record  the  image  and  at 
least  monochromatic  light  of  a  sharply  defined  frequency  to 
view  the  hologram.  Thus*  in  audition  to  having  a  oasic 
optical  Dench*  it  necessary  to  have  a  laser  of  reasonable 
quality  anu  at  least  a  metal  vapor  lamp  in  order  to  view  the 
hologram.  Thirdly*  the  images  are  generally  monocnromat i c 
and  usually  red*  the  spectral  line  associated  with  the  most 
commonly  availaDie  helium-neon  laser.  because  of  this 
problem  all  tne  advantages  of  selective  frequency 
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enhancement,  such  as  that  associated  with  color  infrared 
photography  or  density  slicing,  are  lost  with  holography* 
Some  ivorK  has  oeen  done  with  multicolor  holography,  but  the 
results  nave  oeen  inconsistent  and  primarily  limited  to  two 
colors*  The  fourth  and  perhaps  the  most  disconcerting 
aspect  of  a  holographic  image  is  the  tendency  of  holograms 
to  appear  grainy  due  to  the  ever-present  coherent  light 
specKle*  This  image  quality  proolem  is  related  to  the 
reflection  of  coherent  lignt  from  non-polisned  surfaces 
Mhich  causes  interference  in  the  reflection  and  can  not  be 
overcome  easily  in  directly  vieaeu  holograms. 
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rne  question  tnat  tnis  researcn  nas  attempted  to 
address  is  whether  tiase  advantages  that'  holography  presents 
can  oe  oroujnt  to  Dear  upon  the  prjol  enis  of  geographical 
data  handl  ing.  6  survey  of  tne  jeo^  aunic  literature 
reveals  tnat  tnere  nave  oeen  only  scattered  references  to 
tne  potential  of  holography.  tven  in  the  c ompr enensi ve  work 
of  tne  international  ideographical  Union  Commission  on 
Geographical  data  Handling,  tnere  is  only  a  prief 
description  of  tne  nolographic  process  and  tne  statement 
tnat  "holography  nas  many  appl icat ions"{ Toml inson,  1472* 
p.n92).  uco  jraphers  nave  made  considerable  use  of  optical 
processing  in  i nves t i gat i ng  the  use  of  tne  Fourier  transform 
in  the  spectral  analysis  of  spatial  patterns  ( MacOouga 1  I , 
1970$  Carton  and  Tot>ler,  1971}  ilcCullagn  ana  Uavis,  19721. 
Some  interest  nas  oeen  snown  in  tne  use  of  optical 
correlation  techniques  for  pattern  recognition  work. 
Wingert  (1973)  demonstrated  the  use  of  oarailel  optical 
processinj  in  tne  application  of  tne  Weaver -uoo dman  optical 
correlation  tecnnique  in  pnoto  interpre tati on.  Kayner, 
Golledge  and  Collins  (La71)  did  use  a  nolographic  technique 
in  the  analysis  of  spatial  patterns  out  only  tor  storing  the 
phase  of  the  fourier  transform.  None  of  this  work  nas 
addressed  the  capabilities  of  holography  as  an  optical 
processing  tecnnique  for  image  storage  or  display.  An  area 
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Nitn  geographic  overtonss  that  nas  reciewed  some  attention* 
especially  from  the  military*  is  the  use  of  holograms  in 
automated  navigation  and  guidance  systems  (Kilpatrick*  1969* 
Burton  and  Clay*  1972)*  It  does  not  appear  however  that 
geographic  considerations  ever  have  played  a  role  in  these 
developments.  The  area  of  geographic  interest  that  nas 
received  the  most  attention  and  in  which  the  holographic 
applications  are  the  most  developed  is  tne  use  of  coherent 
optics  in  engineering  mapping  procedures.  Tnese 
applications  are  typified  oy  the  pioneering  work  of  Mikhail 
and  his  associates  at  Purdue  University  in  the  development 
and  use  of  holographic  stereomodels  (Glaser  and  Mikhail* 
1970*  Kurtz*  1971).  A  major  force  in  fne  continuing 
research  effort  in  this  area  has  Deen  Leignty  at  tne  United 
States  Army  Engineering  Topographic  Lauoratories  Research 
Institute.  A  supers  statement  of  tne  state  of  the  art  in 
this  area  is  to  Oe  found  in  Coherent  duties  in  Mapping,  the 
proceedings  from  a  meeting  organized  oy  Leignty  and 
Balasuoramanian  and  Jointly  sponsored  oy  the  American 
Society  of  Phot ogrametr y  and  the  Society  of  Photo-optical 
Instrumentation  Engineers  (1974). 
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oefore  one  can  consider  the  nature  of  holographic  data 
system  for  geograpnic  information*  it  is  necessary  to 
examine  the  general  classes  and  categories  of  spatial  data* 
Geographers  like  to  distinguish  spatial  data  from  data 
utilized  oy  otner  scientists  uy  emphasizing  tne  fact  tnat 
they  are  interested  in  the  occurance  and  oenavior  of 
phenomena  over  space  and  tnrougn  time.  Tnis  means  tnat 
wnereas  some  scientists  may  oe  concerned  auout  the  variation 
in  tne  char ac teri si t ic s  or  oehavior  of  some  portion  of  the 
real  world*  tne  jeograpner  couples  this  concern  with  one  for 
tne  i nterre I  a ti onsni p  of  sucn  pnenomeno I ogica I 
charact er is t  ics  with  those  associated  with  tne  JistriDJtion 
and  interaction  of  the  pnenomena  over  :»pace  ana  also  with 
time.  Tne  phenomena  may  oe  seen  as  essentially  static 
di str iout ions  existing  at  jiven  moments  in  time  or  as 
dynamic  processes  in  action  over  time  and  space. 

Tne  simplest  conceptual  structures  for  spatial  data  are 
tnose  tnat  relate  to  the  dimensional  cnaract er  is  tics  of  the 
phenomena.  Point  geographic  phenomena  then  are  tnose  tnat 
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location.  Many  tnings  are  treated  as  point  phenomena; 
however,  in  reality  only  the  existence  of  some  individual 
specimens  or  the  occurance  of  some  activity  or  behavior  at  a 
g iven  point  are  true  point  geographic  phenomena.  Linear 
geographic  phenomena  are  conceived  as  conditions  existing 
along  a  line  or  as  interactions  oetween  two  points.  Such 
phenomem  are  one  dimensional  in  tnat  something  extends  from 
one  point  in  space  towards  anotner  or  exists  along  a  path 
such  tmt  its  location  can  oe  specified  oy  a  single  number 
denoting  its  position  within  tne  lineal  frame  of  reference. 
Traffic  along  a  highway  or  the  neighboring  oetween  memoers 
of  different  social  groups  are  example*  of  geograpnic 
phenomena  that  nave  ueen  concep to  a  1 1 ze j  as  I  inear.  The 
third  form  of  spatial  data  relates  to  tnose  things  that  are 
conceptua I i zed  as  navmg  extension  in  two  directions,  i.e., 
areal  data.  Tnere  are  relatively  few  tnings  which  occur 
simply  in  two  dimensions;  however,  tnere  are  many  tnings 
which  exist  over  space  ana  for  wnich  the  desgination  of 
areal  data  is  useful.  Census  tracts,  ianj  use  and  zoning 
categories,  political  j ur  isd i c 1 1  on s ,  and  property  rights  are 
all  examples  of  the  partitioning  of  space  on  an  areal 
basis.  Tnese  phenomena  are  oasically  seen  as  existing 
within  the  oounds  of  some  two  dimensionally  variant 
description  of  tneir  extent.  On  tne  otner  hand,  the  fourth 
form  of  spatial  Jata,  volumetric,  reflects  the  variation  of 
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pnenomem  in  three  space.  Thus,  a  means  is  provided  for  the 
analysis  of  the  continuous  variation  of  pnenomena  as  with 
atmospheric  pressure  which  is  present  everywhere  at  the 
earth's  surface.  Furthermore,  enumerations  carried  on 
aithin  data  collection  areas  can  oe  treated  as  a  count  of 
the  numoer  of  things  existing  aithin  a  sample  and  can  be 
handled  vol umetrica I  1 /  in  the  same  manner  as  the  volume  of 
aater  in  a  tidal  rush  or  the  volume  of  material  in  a  terrain 
surface.  A  distinction  must  De  araan  oetaeen  the 
conceptual iiati on  of  the  spatial  cnar ac t er i st ics  of  the 
geographic  phenomena  and  the  i den t i f i c at i on  of  the  location 
of  tnet  pnenomena.  Often  there  is  confusion  over  the  fact 
that  tne  positional  information  relates  to  measurement  in 
tao  or  triree  spatial  axes  and  one  temporal  axis.  Whereas, 
the  d at  a  elements  mustpe  di s 1 1 n ju  is heu  on  the  oasis  of 
further  information  as  to  Kina,  ran*  or  amount. 

iiany  spatial  phenomena  are  active  at  levels  other  than 
those  at  ahich  they  are  conceptualized.  For  example, 
automooile  accidents  wnicn  are  most  often  viewed  as  oeing 
point  ohenomena  are  in  reality  tne  end  product  of  the 
conjunction  of  at  least  one  linear  process  witn  anotner 
point,  linear  or  volumetric  phenomenon.  Linear  features 
like  a  tide  line  are  conceptualized  a  I  so  as  one  spatial  form 
when  it  is  actually  represent  tne  operation  of  a  second  set 
of  forms.  In  this  case,  trie  interaction  between  two 
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volumes.  Consequently,  it  is  necessary  to  oe  aware  not  only 
of  the  nature  of  tne  phenomena  as  it  actually  exists  in 
reality.  Dut  cautious  as  to  the  biases  introduced  in  the 
capture  and  recording  of  data  related  to  tne  prtenomena. 

Any  new  system  for  handing  geographic  pnenomena  must  be 
interfaced  with  tne  existing  methods  and  tecnniques  for  the 
storage  and  manipulation  of  sucn  i  nf  or, nut  i  on.  It  serves 
well  to  looK  at  the  nature  of  geographic  reality  as  it  is 
sensed,  encoded,  recorded,  and  represented. 

Tne  primary  perception  of  spatial  reality  py  hjmans  is 
related  to  their  senses,  in  that  a  successiion  of  stimuli 
are  allowed  to  course  tnrough  tnem  as  the  individuals 
cnanges  their  location  in  space  and  time.  Tnus.  a  feeling 
is  developed  for  the  extent  and  dimensions  of  tne  world*  as 
well  as  the  relative  organization  of  pnenonena  within  tnat 
worla.  In  order  to  Defter  understand  tne  nature  of  the 
world,  a  variet y  of  t e chno I o g i c al  aids  nave  oeen  devised 
which  assist  in  sensing  ana  recording  tne  variations  tnat 
occur  in  the  dimensions  and  the  extent  of  tnis  reality  as 
well  as  phenomenological  characteristics.  Chiefly,  these 
devices  allow  greater  precision  in  specifying  the 
differences  oetween  sensory  uoservati ons.  TaKe.  for 
example,  the  proolem  of  the  measurement  of  temperature.  The 
simplest  observation  of  temperature  is  tne  subjective 
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statement  of  tne  condition  of  an  individual  in  relation  to 
tneir  environment*  statements  on  tne  order  of  "It**  freezing 
in  Here,"  or  “It^s  a  scorcher  today. **  A  more  refined,  out 
still  subjective  set  of  statements  are  tnose  relating  to  the 
comparison  of  tne  sensible  temperatures  of  objects.  Thus, 
it  is  oossiole  to  distinguish  between  ice  cubes  that  nave 
Just  come  out  of  tne  freezer  and  a  pot  that  nas  come  off  the 
stove  and  to  ran«  accordingly  tne  sensiole  temperatures  of 
other  objects  in  relation  to  these.  It  is  not  possiDle 
however  to  specify  exactly  tne  differences  amony  such 
oojects.  In  order  to  do  tnis,  it  is  necessary  to  resort  to 
some  torn  of  instrument  at  ion.  Chiefly,  tne  liquid  expansion 
thermometer  has  oeen  relied  upon  for  this  function.  The 
calibration  of  such  thermometers  against  oojects  of  Known  or 
theoretical  temperatures  provides  relative  scales  for  the 
assignment  of  more  precise  differences  between  the 
temperatures  of  given  opjects.  Contact  sensing  devices  such 
as  the  liquid  thermometer  ana  neat  sensitive  electronic 
detectors,  are  perhaps  the  third  most  common  measuring 
device  created  after  tne  mass  measuring  scale  and  the  volume 
measuring  cup.  These  contact  sensing  devices  may  be 
instrumented  for  continuous  or  discrete  interval  sampling  of 
tne  variation  in  pneno men o I og i ca I  temperatjre,  or  readings 
may  De  recorded  manually.  It  is  important  to  note  that  the 
use  of  such  information  implies  tne  reduction  of  the 
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continuous  analog  values  presented  oy  tnese  devices  to 


discrete  numerical  annotations.  Such  a  data  recording 
process  allows  tne  entry  of  many  different  forms  of  error  as 
well  as  the  possioility  of  tne  weli-«no*n  rleisenourg 
effect.  A  numoer  of  procedures  for  non-contact  sensing  of 
temperature  have  oeen  created  wnich  allow  measurement  from 
within  near  distances  to  sensing  from  greatly  removed 
positions*  i.e.*  remote  sensing.  Relying  on  tne  aoility  of 
cryoyenical I y  cooled  sensors  to  detect  minute  changes  in 
lony-wave  infrared  radiation*  devices  .,ucn  as  tne  Barnes 
thermograph  and  the  dendix  iR  scanner  have  oeen  created 
which  orovide  either  analog  film  or  digital  readouts  of  the 
temperature  patterns  of  an  imaged  scene. 

With  respect  to  the  consideration  of  the  range  and 
scope  of  geoyrapnic  information*  it  will  oe  seen  that  data 
can  oe  coded  and  recorded  in  a  wide  numoer  of  ways*  even  for 
such  a  simple  phenomena  as  temperature.  For  example*  in 
just  one  study  a  data  system  could  be  called  upon  to  handle 
information  as  diverse  as  manual  ooservations  of  sea  water 
temperature  taKen  oy  discrete  sampling*  continuous  logs  of 
air  and  ground  temperature  from  a  land-oased  weather  station 
and  thermal  infrarea  images  recording  tne  spatial  extent  of 
surface  temperature  variation.  All  of  tnese  forms  of  data 
collected  witn  one  obj ect  in  mind--tne  analysis  of 
temperature  variation  in  and  around  the  action  of  some 
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phenomena  under  study*  yet  they  are  all  basically  different 
in  their  forms  and  format  as  well  as  tneir  accuracy. 

Another  important  aspect  of  geographic  reality  is  the 
manner  in  which  that  reality  is  represented.  Representation 
involves  the  permutation  of  recorded  data  through  a  series 
of  steps  in  order  to  create  a  useful  form  of  presentation 
for  the  data*  Primarily*  tne  problem  is  one  of  taking 
recorded  data  and  creating  a  structure  for  it  such  that  its 
integrity  is  preserved  and  its  use  is  facilitated*  that  is* 
creating  a  data  structure.  data  structures  may  oe  formally 
organized  things  such  as  elaborate*  random  access  disk 
systems  or  very  simple  procedures  such  as  urawing  a  diagonal 
line  across  the  top  of  a  card  deck.  Tne  most  important 
function  of  a  data  structure  is  that  in  some  way  or  another 
it  prevents  tne  data  from  falling  into  di sor gan izat i on  wnich 
leads  to  the  loss  of  part  or  all  of  the  information. 
Additionally*  it  provides  a  means  by  wnich  tne  user  of  the 
data  can  find  all  of  that  information  that  is  pertinent  to 
the  proolem  under  considerat ion.  Ordinarily,  for  the 
repre sent  at i on  of  geographic  reality  most  people  immediately 
think  of  the  map  as  the  sole  means  for  portraying  tne 
spatial  arrangement  of  phenomena.  Indeed*  maps  and  otner 
map-like  organizations  of  data  into  two  dimensional  data 
structures  such  as  orthophotos*  stereomodels*  and  actual 
physical  models  are  very  efficient  and  useful  techniques  for 
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representing  geographic  reality.  However*  there  is  a 
variety  of  other  techniques  that  are  just  as  useful  in 
recording  and  representing  geograpnic  information.  One  of 
the  most  common  is  the  gazeteer.  This  represents  an 
ordered*  sequential  list  of  coordinates  of  geographic 
phenomena.  Tariff  schedules  and  time  taples  represent  a 
means  for  reporting  the  structure  of  a  network  of  linear 
phenomena.  Tide  tables  record  the  variations  of  the  water 
mass  with  respect  to  the  terrain  ana  indirectly  can  be  used 
for  tne  calculation  of  tidal  currents. 


Tne  preparation  of  a  graphic  or  tne  printing  of  a  table 
however  is  only  the  final  aspect  of  the  representat ion 
problem  tor  geographic  phenomena.  data  as  it  is  initially 
collected  must  oe  organized  and  stored  in  some  form  amenable 
to  the  final  modes  of  representat i on,  out  not  necessarily  in 
the  final  mode.  For  example*  the  coordinates  of  a  gazeteer 
may  be  initially  recorded  in  this  form*  out  the  coordinates 
of  map  information  which  are  to  oe  portrayed  later  in  a  flat 
graphic  also  may  be  in  numerical  form  and  stored 
accordingly.  Furthermore,  the  data  as  col lected  may  be 
global  in  nature  and  may  not  be  related  to  the  locale  and 
phenomena  under  consideration.  Therefore*  it  is  often 
necessary  to  extract  from  a  large  data  set  smaller*  more 
cogent  ones  that  relate  more  directly  to  the  problems  under 
consideration.  In  general*  the  data  collection  is  followed 
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by  tne  entire  problem  of  the  reduction  of  the  recorded 
information  to  a  comprehensible  form  or  cipher  in  the 
language  of  the  communication  medium  to  oe  utilized.  Tnis 
process  often  necessitates  tne  application  of  a  set  of 
cl assif icatory  criteria  and  tne  assignment  of  symbolic 
ciphers  to  the  classes.  Once  the  enciphering  process  has 
been  completed*  it  is  necessary  to  allow  some  means  for  the 
generation  of  the  final  represeniati on  which  may  be 
accomplished  in  a  number  of  different  manners. 

Hopefully*  this  discussion  of  the  ways  in  which 
geographic  reality  comes  to  oe  Known  has  demonstrated  the 
vast  scope  of  activities  and  the  ranae  of  potential 
information  that  could  be  used  with  a  holographic  data 
storage  system.  It  is  possible  to  conceive  of  situations  in 
which  it  would  oe  necessary  to  store  yeogrepnic  information 
at  any  stage  of  its  use  clear  from  the  initial  recording  to 
the  final  representat ion. 

As  nas  happened  in  the  application  of  tne  computer  to 
geographic  investigation*  the  application  of  holography 
potentially  could  proceed  along  similiar  lines.  On  the  one 
hand*  holography  could  be  used  for  the  augmentation  and 
expansion  of  the  current  modes  of  geographical  analysis.  On 
the  other  hand*  holography  might  provide  a  method  of 
approach  to  problems  and  means  for  asKing  questions  tnat 
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Mould  extend  far  oeyond  current  modes  of  analysis*  Thus. 
*  t mo  broadly  defined  areas  must  be  examined  to  identify  ahat 

holography  mught  be  aole  to  do  for  geography*  First*  is  the 
general  application  of  holography  to  a  variety  of  problems 
that  are  already  knoan  in  terms  of  tne  storage*  retrieval* 
analysis*  ana  display  of  geograpnic  information*  Secondly* 
holography  has  the  potential  for  providing  totally  nea 
approaches  to  geographic  proo lens* 
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Ttte  direct  applications  of  holography  to  the  storage 
and  analysis  of  geographical  data  must  be  viewed  in  teres  of 
the  aodes  in  which  data  can  oe  stored.  Basically,  a 
distinction  oust  be  drawn  between  those  eetnods  in  which  no 
image  is  created  and  those  that  are  image  forming.  In  the 
former  procedures,  the  data  must  already  be  in  a  numerical 
or  coded  form  or  amenable  to  such  encoding.  With  tne  latter 
systems,  geographical  data  in  the  form  of  grapnics,  maps  and 
photos  may  be  directly  stored  without  translation  into 
numerically  coded  data  structures.  Host  of  the  work  that  is 
being  done  with  non-image  forming  procedures  is  related  to 
either  the  development  of  computer  memories  and  peripherals 
or  other  electronic  applications  such  as  video  recording. 
(Rajchman,  1970).  Computer  data  storage  devices  capable  of 
storing  1.0  x  10  10  bits  retrievable  at  optical  speeds  have 
been  proposed  by  Pohl  (1974,0.346)  and  slower  access  devices 
capable  of  storing  1.0  x  10  13  bits  are  currently  are  in  use 
with  the  Illiac  IV  computer  (liusiK,  1974,  p.24*.  Any 
advances  that  can  be  made  in  increasing  the  analytical 
capabilities  of  digital  computer  by  the  use  of  holographic 
procedures  will  prove  beneficial  in  the  end  to  geographical 
applications  just  because  of  the  great  use  to  which 
computers  are  already  being  put  in  geography.  Such 
developments  will  not  be  covered  here  since  they  represent 
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primarily  the  extension  of  Known  capabilities  rather  than 
different  approaches  to  geographical  analysis.  The  area 
which  bears  greater  potential  for  ennancing  the  reoertory  of 
geographical  analysis  methods  is  the  integration  of  optical 
and  digital  computing  techniques  through  Me  use  of  a 
variety  of  new  image  forming  techniques. 

tli.ar.id _ dial tal^Uatica] _ ftcataasidia  The  dichotomy  between 

the  optical  and  digital  processing  of  imagery  is  a  well- 
recognized  fact.  Optical  processing  is  nearly  instanteous 
and  processes  all  parts  of  an  image  equally  in  a  parallel 
format.  Digital  processing.  on  the  otner  hand,  provides 
only  capability  for  the  selective  analysis  of  an  image. 
Scientists  concerned  with  the  processing  of  images, 
including  car t ographers «  ohotogr ammeter s.  and  computer 
scientists.  have  searched  for  methods  and  techniques  that 
would  allow  the  effective  interface  between  the  two 
processing  techniques.  The  difficulty  to  date  has  been  in 
achieving  an  effective  cross  connection  between  the  two 
procedures  (Vender  Lugt.  1971).  until  recently,  the  most 
effective  procedures  have  been  pnotographic  and  do  not  allow 
for  any  effective  interactive  analytical  capaoility.  The 
problem  is  essentially  one  of  finding  not  Just  a  means  of 
producing  a  coherent  light  image  from  a  digital  record,  out 
the  creation  of  differentially  translucent  optical  filters 
under  digital  control.  The  inverse  procedure  has  been 
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hampered  o y  the  coarseness  of  the  detectors  available  for 
measuring  the  resultant  images.  Therefore*  most  of  the 
previously  created  systems  have  used  cumbersome*  non-real 
time  procedures  and  are  characterized  by  an  overall  lacK  of 
quality  in  the  di g i t ai - 1 o-op t ic a  I  and  opt ical -to- digital 
inter  faces. 

A  number  of  nee  and  practical  interface  procedures  are 
or  may  soon  become  available.  One  of  these  nett  procedures 
being  developed  by  Nisenson*  Feinlieb*  and  Iwasa  at  the  Itek 
Corporation  is  tne  Pocxel s  Read-out  Optical  Modulator  or 
PROM  crystal  (1974).  This  crystal*  a  thin  slice  of  bismuth 
silicon  oxide*  is  e lectro-opt ical I y  sensitive  to  that  it  may 
be  written  optically  and  erased  at  near  electronic  speed. 
The  images  are  of  sufficient  optical  density  and  tne  crystal 
possesses  transmission  characteristics  adequate  for  the  use 
of  the  PROM  as  a  input  image  or  as  a  optical  filter.  A  blue 
light  is  used  to  record  the  image  on  tne  crystal  and  the 
duration  of  tne  image  is  long  enougn  to  permit  the  optical 
modulation  of  a  coherent  light  beam  shown  through  it.  A 
device  with  such  capabilities  could  be  used  to  replace  all 
of  the  photographic  images  in  an  optical  analysis  procedure 
with  digitally  driven  optical  modulators  under  the  control 
of  a  computer.  Such  a  capability  coupled  with  optical 
detectors  in  the  form  of  a  sector  and  ring  Fourier  analyzer 
or  and  an  x*y  array  detector*  would  provide  the  building 
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blocks  for  an  electro-optical  image  processing  facility 
capable  of  dynamic  interaction  between  the  digital  and 
optical  computers* 

A  hyorid  digital-optical  processing  system  would  be 
composed  two  chief  elements*  an  image  processing  computer 
and  an  optical  bencn*  The  image  processing  computer 
ostensibly  would  have  availaole  a  full  complement  of  the 
normal  data  storage  facilities  as  well  as  the  specialized 
di gi t al -t o-opt ica I  output  and  optica  I- to-digital  input 
devices*  It  is  anticipated  that  the  PROM  crystals  could  be 
driven  either  oy  a  refreshaDle  vector  drawing  graphics 
screen  as  well  as  by  a  raster  scanning  digital  TV*  tnus 
providing  interactive  graphics  capabilities  to  further 
extend  tne  utility  of  tne  system.  It  appears  that  with 
three  PROM  crystal  output  modules  most  of  the  currently 
devised  image  analysis  procedures  could  oe  performed*  Two 
types  of  optical  detectors  also  would  be  needed.  One  would 
be  a  sector  and  ring  device  for  sampling  the  symmetrical 
diffraction  pattern  of  a  simple  Fourier  analysis. 
Thomasson*  Middleton*  and  Jensen  of  Recognition  Systems* 
Inc* *  nave  developed  a  detector  witn  id  wedges  covering  one- 
half  of  the  optical  power  spectrum  and  equally  spaced 
rings  on  the  otner  naif  wnich  will  allow  a  fairly  accurate 
interpretat ton  of  the  spatial  frequencies  of  an 
image (1974) •  Information  derived  from  tne  sector  and  ring 
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t  detector  Mould  be  used  to  construct  spatial  and  correlation 

filters  in  other  PROM's  in  the  Fourier  plane.  The  other 
optical  detector  Mould  be  an  x* y  array  detector  for  use  in 
the  re-quantizing  of  the  optical  image. 

The  second  major  component  of  the  system  is  a  staole 
optical  oench  for  the  optical  train  and  coherent  light 
source  compatible  with  the  PROM  crystals.  It  is  anticipated 
that  the  most  useful  system  Mould  include  ser vo-control I ed 
lens  and  optical  module  mounts*  such  that  the  alignment  and 
fine  tuning  of  tne  optical  processor  could  be  achieved  under 
program  control. 

A 

The  application  of  such  a  hyorid  optical  computer  Mould 
be  limited  only  by  tne  creativity  and  skill  of  its  operators 
in  applying  it  to  the  multitude  of  image  processing  tasks 
that  are  faced  in  the  geographical  sciences.  Three 
applications  are  readily  apparent  based  upon  proven 
experimental  procedures!  three  dimensional  graphics*  spatial 
filtering*  and  image  correlation. 
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Figure  3 

THREE  DIMENSIONAL  COMPUTER  GRAPHICS 
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Three _ di roensiona  I _ Graphics  the  PROM  module  could  be  used 

as  the  image  output  device  for  the  construction  of  King- 
Noll-Berry  holograms  in  conjunction  with  a  relatively  simple 
film  transport  mechanism  (King,  et.al . ,  id  7  0  )  •  The  KNB 
hologram  is  basically  a  series  of  very  small  holograms 
presenting  the  view  of  some  perspect i ve I y  projected  three 
dimensional  image*  A  number  of  views  of  the  object  varying 
by  only  a  few  degrees  of  rotation  along  the  x  axis  of  the 
hologram  or  by  a  few  degrees  of  elevation  along  the  y  axis 
are  recorded  as  normal  transmission  holograms.  Presently, 
it  is  necessary  to  create  these  seperate  views  as  microfilm 
from  a  computer  output  on  microfilm  device  or  film  of  a 
graphics  terminal.  Due  to  the  photographic  transfer  of  the 
images  from  the  computer  to  the  hologram  tawing  situation, 
the  process  is  arduous  and  time-consuming.  Replacing  the 
photographic  steps  witn  a  PROM  crystal  would  maKe  the  King- 
Noll-derry  hologram  a  useful  and  practical  display 
procedure,  figure  3.  By  such  a  technique,  it  would  be 
possible  to  generate  a  computer  graphic  output  that  appeared 
to  the  viewer  to  be  truly  three  dimensional  in  nature.  By 
Judicious  selection  of  the  increment  for  the  film  transport 
and  tne  use  of  a  slit  rather  than  a  series  of  small  cells,  a 
three  dimensional  animation  cogld  be  achieved.  This  effect 
would  be  accomplished  by  the  movement  of  a  continuous  KNB 
holographic  film  across  the  line  of  tne  reference  oeam.  A 
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modification  of  the  film  holder  mechanism  to  provide  angular 
variation  rather  than  film  movement  would  a  1 1  04  the  creation 


of  multiple  image  holograms  from  digitally  encoaed  data 
facilitating  the  dissemination  of  up-to-date  maps  and 
graphics  for  holographic  navigation  and  guidance  s/stems* 

Saatial  Fi I terinu  spatial  filtering  tecnniques  are  used 
quite  commonly  in  geographical  research  in  order  to  isolate 
elements  on  the  basis  of  their  spatial  frequencies  or 
orientations.  In  the  optical  arrangement  illustrated  in 
figure  4  an  image  is  introduced  into  the  system  through  the 
first  PRCM  crystal  PI.  Its  Fourier  transform  is  detected  by 
the  sector  and  ring  device  □ 1  after  the  beam  has  been  split 
by  the  ha  I f-s i I vered  mirror.  I he  computer  can  analyze  the 
information  derived  from  the  sector  and  ring  sensor  in  order 
to  construct  a  spatial  filter  in  the  second  PROrt  P2  so  as  to 
eliminate  either  certain  orders  of  spatial  frquencies  found 
in  the  original  image  or  particular  orientations  of  spatial 
frequencies.  The  result  of  the  spatial  filtering  can  be 
read  in  an  x»y  format  compatible  with  the  original  input  by 
the  array  detector  02.  Such  a  system  in  an  interactive  mode 
would  provide  a  highly  flexible  tool  for  tne  analysis  of 
spatial  patterns. 
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Image  Correlation  carrying  on  from  tne  spatial  filtering 
idea*  it  can  oe  seen  that  if  the  filter  that  is  interjected 
into  the  optical  path  is  the  Fourier  transform  of  an  image 
element*  its  location  within  the  original  image  can  be 
aiscerned  in  a  pnoto  i nterpre ta t i on  mode.  In  figure  5*  the 
coherent  light  beam  is  split  and  part  of  the  beam  proceeds 
down  an  optical  path  identical  to  that  of  the  spatial 
filtering  setup.  The  other  part  of  the  beam  proceeds 
through  a  similiar  spatial  filtering  setup*  however*  instead 
of  an  image  being  presented  ok  the  PRJM  crystal  P2  for 
analysis*  a  spatial  element  of  some  form*  is  presented  and 
its  Fourier  transform  is  detected  oy  tne  sector  and  ring 
device  ill.  From  the  Fourier  transform  of  the  spatial 
element*  a  filter  is  constructed  for  tne  original  image  and 
introduced  into  the  optical  path  oy  the  second  PROM  crystal 
Pd  in  the  spatial  filtering  scheme.  The  points  of 
correlation  between  the  spatial  element  and  the  original 
image  are  detected  as  bright  spots  by  the  array  detector  02 
in  x* y  positions  corresponding  to  the  original  image.  The 
computer  could  be  programmed  to  change  the  orientation  of 
the  spatial  elements  in  order  to  achieve  the  highest  overall 
correlation  between  the  filter  and  the  original  image. 
Conceivaoly*  the  computer  could  create  a  oanK  of  spatial 
filters  of  a  variety  of  different  spatial  elements  and  the 
computer  could  select  from  among  these  for  element 
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ioent if i cat ion  in  a  photo  interpreati on  mode* 

There  is  some  evidence  that  tnis  image  correlation 
procedure  could  be  used  to  solve  a  variety  of  non-image 
problems  including  matnematical  programming  problems  such  as 
spatial  allocation  and  classification.  In  tne  abstract*  the 
image  correlation  and  analysis  oroolem  is  not  unlike  a 
number  of  geographical  problems  involving  the  classification 
of  entities  on  the  oasis  of  tneir  measured  simi I iar i ties. 
There  apoears  to  be  no  reason  why  tne  multi  dimensional  data 
pertinent  to  a  particular  set  of  entities  could  not  be 
converted  into  some  analog  optical  representation.  The 
programmed  selection  of  spatial  filtering  combinations  could 
lead  to  a  c I  ass i f ica t or y  ordering  of  the  ooservat ions.  Many 
mathematical  programming  problems  are  structured  similiarly 
and  their  solution  constraints  could  be  expressed  as  fixed 
spatial  f i I ters. 
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M^£l&mL_ilAIA_&L&U£lU£i£ 

One  of  the  things  that  holography  has  caused  a  number 
of  people  to  consider  is  the  general  manner  in  ahich  the 
holograpnic  recording  process  operates  as  a  model  for  the 
storage  of  information  in  other  contexts.  One  of  these 
contexts  is  related  to  epistemology  anu  the  organization  of 
memory. 

Consider  ahat  happens  in  an  abstract  sense  ahen  a 
hologram  is  created.  A  regular,  predictaole  pattern,  the 
reference  beam,  is  allotted  to  interfere  aith  an  irregular, 
unpredictable  pattern  of  lignt.  the  relfected  object  beam, 
and  this  interference  is  recorded.  Tne  reintroduction  of 
the  regular  pattern  al I oas  the  recreation  of  the  irregular 
pattern.  Hoaever,  the  inverse  is  also  true.  the 
reintroduction  of  the  irregular  pattern  reconstructs  the 
regular  ima^e.  In  tne  case  of  optical  holograohy.  this 
procedure  is  not  very  interesting.  Hoaever,  there  is  no 
reason  any  the  reference  beam  could  not  be  of  some  form 
other  tnan  a  regular  spherical  or  plane  aave.  Indeed,  the 
reference  beam  theoretically  could  be  filtered  and 
transformed  in  any  manner  as  long  as  i t  aas  possible  in 
reconstruction  to  exactly  duplicate  the  nature  of  the 
reference  beam  in  the  original  taxing  situation. 

Noa  consider  the  mind  ahich  also  may  be  thought  to  use 
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a  holographic  interference  technique  for  tne  storage  and 
Manipulation  of  information.  The  entire  education  process 
nay  be  seen  as  one  involved  in  the  developnent  of  a  large 
and  useful  set  of  mental  holograms  to  be  used  in  the 
recalling  of  information  as  well  as  its  processing.  For 
example*  throughout  an  individual's  experience  with  written 
language  many  examples  of  the  letter  MaM  are  encountered. 
Host  persons  are  so  familiar  with  the  general  structure  of 
this  letter  that  it  is  possible  for  them  to  identify  it  even 
when  it  is  grossly  distorted  or  only  partially  discernable. 
How  does  the  mind  do  this?  Part  of  this  process  is 
accomplished  in  the  psycho-physical  manipulation  of  the 
sensory  image  in  its  transmission  to  the  sensory  store  and 
the  short-term  memory.  The  oroKen  parts  of  line  may  be 
filled  in  mentally  in  order  to  generate  a  more  complete 
figure.  However*  the  mind  can  worn  remarkable 
transformat  ion  on  the  basic  geometry  and  relationships  of 
the  figure*  performing  extreme*  nonlinear  permutations  of 
images  in  order  to  fit  them  into  some  comprehensible  form  of 
reality.  It  may  oe  that  in  this  initial  process  somewhere  a 
holographic  filter  is  utilized  by  the  mind  in  order  to 
transform  the  irregular*  unpredictable  patterns  represented 
by  the  broken  and  distorted  figure  into  tne  regular* 
predictaole  pattern  Known  as  the  letter 

In  this  situation*  analogous  to  tne  reconstruc tion  of 
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the  optical  hologram,  the  retrieval  is  performed  in  is 
parallel*  That  is  a  given  stimuli  is  tahen  as  a  whole  ad 
the  referent  is  retrieved  as  a  whole  simultaneous!/.  The 
mind  nas  the  additional  capability  of  being  able  to  feed 
information  oacK  into  itself  to  further  refine  its 
understanding  and  to  add  information  together  in  order  to 
recognize  words,  phrases,  sentences,  and  ideas. 

All  of  tnis  makes  for  an  interesting  excursion  out  now 
does  it  relate  to  geography?  general  information  storage 
systems  as  they  now  exist  work  on  simple,  direct  input  and 
retrieval.  Fundamental  I y ,  information  is  stored  in  a  data 
structure  with  some  reference  scheme  related  to  ttnown 
external  character ist ics  of  the  data  or  internal  addressing 
procedures  and  through  the  use  of  the  reference  scheme  the 
information  can  be  directly  recalled.  As  an  example,  one 
might  have  a  set  of  health  statistics  for  each  county  in  the 
United  States  randomly  stored  on  a  disk  ana  for  which 
directories  have  been  oui  It  which  index  counties  by  states. 
It  is  a  simple  matter  to  access  the  data  for  the  jth  county 
of  the  ith  state  by  referencing  the  directory  for  the  ith 
state  and  offsetting  oy  )  to  find  the  address  the  record  for 
the  ) th  county.  Regardless  of  now  complex  sucn  a  directory 
scheme  or  record  format  may  become,  systems  like  this  one 
only  provide  directly  the  information  tnat  was  stored  within 
it.  That  information  is  returned  only  in  the  simple 
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sequential  manner  in  Mhich  it  Mas  original  1/  stored.  The 
access  to  the  data  may  be  greatly  expanded  by  the 
introduction  of  spatial  retrieval  techniques.  but  the 
information  still  only  comes  bacK  sequentially  Mithin  the 
context  of  the  imposed  organi zational  structure.  This  hind 
of  system  is  good  for  record  keeping  but  poor  for  analysis. 
For  example*  if  one  Hishes  to  study  the  high  incidence  of 
heart  disease  then  the  file  containing  that  information  must 
be  inverted  on  the  basis  of  the  information  related  to  heart 
disease*  and  then  specifically  searched  for  those  elements 
that  could  be  defined  as  high,  iucn  a  system  facilitates 
access  to  the  information  but  it  does  not  facilitate  the 
development  of  higher  undrestandin g  about  the  distribution. 
Consider*  hoaever*  the  concept  of  an  associative  data 
storage  system  ahere  data  is  stored  indirectly  as  a  result 
of  the  presentation  of  the  information  to  the  system  and  is 
retrieved  when  information  about  tne  dimension  of  the 
problem  under  consideration  is  presented.  In  otter  vords* 
in  the  example  given  aoove*  the  general  terms  in  Mhich  the 
problem  Mas  defined*  the  high  incidence  of  heart  disease* 
Mould  oe  used  as  regular  pattern  to  be  input  to  the  data 
structure  in  order  to  affect  tne  retrieval  (Kugel*  ld&J). 
Meant  by  high  incidence  and  heart  disease.  The  digitial 
simulation  of  the  functioning  of  an  associative  data 
structure  is  performed  only  Mith  great  difficulty  and  each 
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accession  incurs  considerable  system  overhead.  The  use  of 
an  integrated  digital-optical  processor  Mith  holographic 
memory  units  might  maKe  such  a  sophisticated  system 
f easiol e. 

The  relevant  use  of  this  idea  of  associative  data 
structures  for  geographic  information  systems  is  that  they 
would  allow  attention  to  pe  directed  towards  to  the 
structure  of  the  proDlems  rather  than  upon  the  manipulation 
of  the  data.  In  other  wards*  instead  of  pnrasing  the  data 
retrieval  questions  in  very  speci fic  terms  necessary  for 
direct  sequential  access  where  it  is  possiole  to  bypass 
important  interrelationships  in  the  data*  the  questions 
could  oe  posed  in  general  terms  such  that  the  associative 
data  store  would  extract  tne  most  meaningful  portion  of  the 
information  from  storage  that  was  relevant  to  the  problem. 
As  the  system  was  repeatedly  used  for  similiar  accession*  it 
would  learn  analytical  strategies  suitable  to  the  specific 
form  of  the  analyses  and  further  facilitate  the  data 
access.  If  this  type  of  the  machine  were  allowed  to  free¬ 
wheel  such  as  the  human  brain*  it  mignt  find  relationships 
in  the  particular  problems  that  were  theretofore 
unsuspected. 
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